This article describes the development and pilot evaluation of a tailored multimedia program to improve dietary behavior among 378 lowincome women enrolled in the Food Stamp program in Durham, North Carolina. After randomization to intervention or control groups, participants completed a baseline survey and were resurveyed 1-3 months post-intervention. Measures included dietary fat intake assessed using a brief food-frequency questionnaire, stage of change, knowledge of low-fat foods, self-efficacy and eating behavior questions. The computer-based intervention consisted of a tailored soap opera and interactive 'info-mercials' that provided individualized feedback about dietary fat intake, knowledge and strategies for lowering fat based on stage of change. At followup, intervention group participants had improved significantly in knowledge (P < 0.001), stage of change (P < 0.05) and certain eating behaviors (P < 0.05) compared to the control group. Both study groups had lowered their reported fat intake markedly at follow-up (P < 0.001), but did not differ significantly from each other. A majority of participants rated the program as very helpful and were interested in using a similar program in the future. The findings of this pilot study suggest that com- 
Introduction
Effective nutrition education programs can enable individuals to improve their health and prevent diet-related chronic diseases. Dietary intervention programs for lower income and minority populations are particularly needed because these groups suffer a disproportionate burden of diet-related chronic disease morbidity and mortality (McGinnis and Foege, 1993) .
Health communications are more likely to be effective when they are culturally appropriate, and incorporate the relevant concerns, barriers and motivators of individuals (Witte, 1995) . Recently, computer-based systems have been developed to tailor health information to participants' needs and interests (Skinner et al., 1993) . In previous research, printed computer-tailored nutrition messages were shown to significantly reduce dietary fat intake among family practice patients and Dutch oil company employees (Campbell et al., 1994; Brug et al., 1996) . The effectiveness of tailored dietary messages to lower dietary fat has not, however, been evaluated among predominantly low-income and minority populations. This paper will describe the development and evaluation of StampSmart, a US Department of Agriculture-funded pilot project aimed at developing innovative nutrition education strategies for the Food Stamp program. The program targeted women because women and children represent the M. K. Campbell et al. majority of Food Stamp recipients, and women are often the 'gatekeepers' of food and nutrition for the family. Computer-tailored multimedia was used as the intervention strategy for several reasons. First, a stand-alone, self-help program provided a way to offer nutrition education at the Food Stamp office without burdening agency staff with extra responsibilities. Second, use of multimedia enabled the program to combine education with televisionlike entertainment in order to attract and hold the user's attention. Third, use of audio and visuals rather than printed messages made the intervention more accessible for participants with low literacy skills.
The conceptual framework for StampSmart (see Figure 1 ) was based on health behavior theories, including Social Cognitive Theory (Bandura, 1986) and the Stages-of-Change Transtheoretical Model (Prochaska and DiClemente, 1983; Prochaska et al., 1992) . Social marketing principles were used to determine the perceived interests and concerns of the target audience in order to inform the program's content and format (Novelli, 1990) . We conducted formative interviews with 54 female Food Stamp recipients to elicit cultural, personal and social factors associated with eating habits, barriers to participating in nutrition education programs and media preferences. Women said that they were concerned about their own and their children's nutrition but did not want to participate in nutrition education sessions because they would be 'boring-like something out of the 70s'. Most women cited television as their major source of health information, and they preferred soap opera and drama plots over other types of programs. Based on this information, we developed a program that included a video soap opera, Sisters at Heart, interspersed with tailored 'info-mercial' breaks. The program incorporated specific strategies to increase self-efficacy (confidence) regarding lowfat eating and advance individuals through the stages of change. These strategies included modeling of healthy behavior changes in the soap opera story, interactive exercises with immediate feedback regarding nutrition knowledge, stagebased behavioral messages and recommending small steps to initiate action.
Few studies have evaluated the impact of multimedia programs on targeted behavior changes (Maibach and Holtgrave, 1995) . This paper will report the pilot program's effects related to lowfat food choices, specifically (1) nutrition knowEffects of a tailored nutrition pilot program ledge, (2) self-efficacy, (3) stage of change and (4) dietary fat intake. Process evaluation measures of participant satisfaction and perceived usefulness of the program are also reported.
Methods

Recruitment and data collection
Participants were recruited at the Food Stamp certification office in Durham, North Carolina from January through April, 1995. Trained research assistants assessed eligibility, obtained informed consent and assured women that participation did not affect Food Stamp eligibility. Women were eligible if they were 18 years of age or older, spoke English and either had children under 18 living at home or were pregnant.
All women who came to the certification office during the study period were invited to participate in the program. Of 2046 initial contacts, 413 people were excluded due to ineligibility. A total of 987 approaches met with refusal; however, many of these individuals participated on a subsequent visit. We were not able to determine the number of 'true' refusers versus the number who initially refused but later agreed to participate, because we did not obtain names until participation was established. Lack of time was the leading reason given for refusing (660); other reasons included not being interested (194) , not feeling well (11) or unspecified reason (122).
The baseline study sample consisted of 526 women selected from an initial pool of 644 individuals who consented and met eligibility criteria. A total of 118 people were excluded from the baseline sample for the following reasons: survey incomplete (100), completed survey twice (3) and survey data not matched to valid ID number (15). Women were randomized to control or intervention groups based on the day they participated, to decrease potential contamination. During pre-testing, we learned that women tended to come to the Food Stamp office with friends or relatives and therefore were likely to compare the information they received.
Participants were resurveyed 1-3 months post intervention to assess change. Telephone calling was initiated 1 month after the intervention; however, it took up to an additional 2 months to contact or exclude some participants due to the transience of this population. The final sample consisted of 378 women who completed both surveys (response rate of 72% of baseline participants). Nearly all were resurveyed by telephone (351 people); however, 27 people who could not be reached by telephone were resurveyed in person at the Food Stamp office. Interviewers were blinded to participants' study group membership. Reasons for nonresponse included: refusals (7), unable to leave a message or unable to complete the interview after at least eight attempts (87) and disconnected telephone or no telephone number provided (54). Respondents to the follow-up survey did not differ from non-respondents in demographic characteristics or dietary fat intake.
All baseline (T 1 ) and immediate post-program or (for the control group) post-baseline survey (T 2 ) data were collected in the Food Stamp certification office on the same day the woman agreed to participate. Intervention group participants completed the surveys using the interactive computer program and these data were automatically saved into a data file. To avoid biasing the intervention group's responses, the dietary and psychosocial questions were positioned at the beginning of the multimedia program before any nutrition education or feedback had occurred. For the control group, trained research assistants read each question aloud, and participants then marked their answers on survey forms using paper and pencil. The research assistants were trained to read the questions using the same pacing and voice inflections as the narrator in the multimedia program, in order to increase comparability of the two methods. Two different data collection methods were used because of resource constraints that prevented us from implementing a comparable 'survey-only' computer program for controls. Telephone survey methods were used for follow-up because Food Stamp participants were not required to return for re-certification for 6-12 months and it was likely that many participants would have left the area or have been unreachable after that length of time. Follow-up telephone survey (T 3 ) data were recorded onto paper surveys by trained interviewers. All paper survey data were double entered into data files and checked for accuracy against hard copies.
Measures
Demographic characteristics (T 1 )
Participants provided information at baseline about their age, race/ethnicity, education, the number and ages of their children, and whether they were currently pregnant or breastfeeding.
Stage of change (T 1 and T 3 )
Participants were categorized into one of the following stages related to lowering dietary fat based on two questions derived from the Prochaska and DiClemente Transtheoretical framework (Prochaska et al., 1992) . The first question asked participants to state whether or not they thought that most of the foods they ate were low in fat. Those who responded 'yes' were categorized in the action/maintenance stage (these two stages were not separated). Those who answered 'no' were then asked a question to determine their plans and interest in starting to eat foods low in fat. Those who were not thinking of starting were classified in the precontemplation stage, those who were thinking of starting were classified in the contemplation stage and those who were planning to start within the next month were classified in the preparation stage.
Self-efficacy (T 1 , T 2 and T 3 )
One question about self-efficacy, 'How sure are you that can eat foods low in fat over the next month?' was measured using a five-point Likert scale, with 5 ϭ very sure and 1 ϭ not at all sure. This question was adapted from an item assessing self-efficacy regarding fruit and vegetable consumption, which has been validated against multiitem self-efficacy scales, stage of change and dietary intake (Campbell et al., 1998) (R. Feldman, pers. commun.) .
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Knowledge (T 1 and T 3 )
Six multiple choice items asked participants to choose the low-fat food from a set of options. Knowledge questions asked about low-fat breakfast foods, fast foods, snack foods and meal components (meat, starch and vegetable choices). Correct answers were then summed to create a low-fat knowledge score (possible range ϭ 0-6).
Perceived overweight (T 1 )
Participants were asked whether or not they felt they needed to lose weight.
Autonomy (T 1 )
Responsibility for food shopping, planning meals and preparing meals was measured using three questions rated on a three-point scale, with 1 ϭ little or none, 2 ϭ about half and 3 ϭ most or all (Beresford et al., 1992) . High autonomy was defined as having most or all responsibility for all three functions.
Dietary fat score (T 1 and T 3 )
A 16-item food-frequency questionnaire (FFQ) derived from two validated instruments was used to determine a dietary fat score (Block et al., 1986 (Block et al., , 1989 . Two additional items were included to assess consumption frequency of low-fat foods (skim/low-fat milk, pretzels or graham crackers) but were not factored into the overall score. Photographs of a medium serving of each item were provided to assist participants visually with the questions. Seven response choices were presented for each item: 3 or more/day, 2/day, about every day, 2-4/week, once a week, 1-3 times/month or never or almost never. Dietary fat scores were obtained by multiplying frequency of consumption adjusted to daily intake (3, 2, 1, 0.5, 0.14, 0.07 and 0) by fat content per serving of each item and summing items (Bowes and Pennington, 1994) .
Eating behaviors (T 3 )
At follow-up, eating behaviors related to lowering dietary fat were measured using six items adapted from a validated instrument (Kristal, 1994) . Responses were measured on a four-point scale Effects of a tailored nutrition pilot program (1 ϭ rarely or never, 4 ϭ always). These questions were asked at follow-up only, to reduce respondent burden and because it had been assumed that the randomized design would minimize baseline differences.
Process measures (T 2 )
Immediately after program use, intervention group participants were asked questions that assessed how helpful the program was, who it was meant for, how much of the information was new and whether they would be interested in using a similar program in the future.
Intervention
The multimedia tailored intervention was a onetime, 30 min session using a computer kiosk at the Food Stamp office. The program included a 15 min video soap opera, Sisters at Heart, that was written and produced by the project team. The story incorporated nutrition issues into a courtroom drama and love triangle plot. The evidence ultimately shows that the husband died of a heart attack related to poor dietary habits, and the defendant changes to healthier eating habits for herself and her children. The soap opera was designed to entertain and engage participants' interest, model healthy dietary changes through character and plot development, and present information about the risks of unhealthy eating delivered by expert witnesses during the trial and a testimonial at the end of the program.
Interactive 'info-mercials' were interspersed in the soap opera to collect survey data from participants and provided individually tailored nutrition feedback based on survey responses. Tailored messages were structured according to the study's conceptual framework (Figure 1 ). The project team created a library of tailored audio messages, onscreen graphics and text, and video segments. Algorithms were developed to specify the appropriate feedback messages for each variable or combination of variables from the baseline survey that was used for tailoring. A computer program was then written using Authorware Professional™ software, that used the algorithms to select and assemble the tailored segments into an overall predetermined format. Thousands of different tailored message combinations were possible based on the number of variables used for tailoring, thereby allowing each participant to receive her own customized program.
Participants received immediate feedback to the knowledge questions and were given additional tips to encourage healthy food choices. Baseline food frequency information was used to provide behavioral feedback about participants' dietary fat and was given in graphic form depicting their current fat intake as 'high' or 'low/moderate'. This evaluation was made by comparing the individual's dietary fat score to a predetermined cutpoint for high fat intake in women (more than 57 g) derived from previous research (Campbell et al., 1994) . A specific goal for reducing dietary fat was provided based on which of three food groupings (high-fat meats, high-fat dairy foods or snacks and fried foods) contributed the most fat to the participants' diet. Messages were tailored to stage of change and perceived weight concerns. Pregnant or breastfeeding women received messages that incorporated appropriate dietary advice for calcium and dietary fat intake in the context of balancing health concerns of mother and baby.
After completing the program, intervention group participants were given a StampSmart recipe book providing simple low-fat recipes and a $2 gift coupon for a major grocery store chain. Control group participants received the gift coupon but did not receive any nutrition education or the recipe book. After completing the follow-up survey, control group participants were mailed the recipe book and a nutrition education newsletter. All participants who completed the follow-up survey received a $5 check.
Data analysis
Comparisons between study groups were analyzed at baseline and at follow-up. Because this was a pilot study and measurement procedures differed between study groups at baseline, the analysis of outcome effects was restricted to comparisons between groups at follow-up without adjusting for 
Results
Descriptive findings
Study participants' mean age was 29.3 years, 32.2% had at least 12 years of education and an average of 2.2 children lived at home. Race/ ethnicity was predominantly African-American (85.3%). The study groups were comparable in demographic characteristics at baseline (see Table  I ). Most women (72.6%) had high autonomy for food shopping, meal planning and preparation, and 60.1% felt they needed to lose weight. As reflected in Table III , the majority of participants were considering dietary changes to lower fat: 11.5% were in the precontemplation stage, 38.5% in contemplation, 17.7% in preparation and 32.3% in action/maintenance. Dietary fat intake was also related to stage of change, with precontemplators having significantly higher average fat scores (124.7 Ϯ 8.9 g) compared to those in action/ maintenance (80.4 Ϯ 5.4 g). A total of 71.4% had fat intake scores above the pre-established cutpoint of 57 g that was used to define 'high fat' in the tailored feedback.
Differences between groups at follow-up
Knowledge Knowledge of low-fat foods was similar at baseline in both study groups. As shown in Table II , intervention group members demonstrated significantly higher knowledge scores compared to the control group at follow-up (P Ͻ 0.001). In addition, a significantly higher percentage of the intervention group (76.4%) compared to the control group (52.4%) was able to answer all of the knowledge questions correctly.
Self-efficacy
Confidence regarding ability to eat low-fat foods was similar between study groups at baseline. A significant increase in self-efficacy (P Ͻ 0.001), based on the one-item assessment, was observed in the intervention group compared to the control group immediately after using the computer program, but the difference was not sustained at longer term follow-up (Table II) .
Stages of change
At baseline, significant differences in stages of change were seen between study groups. More individuals in the control group rated themselves in the action/maintenance and precontemplation stages, whereas more intervention group participants were in the contemplation and preparation stages (see Table III ). At follow-up, more intervention group participants were in the later stages of change (preparation, action/maintenance) versus the earlier stages (precontemplation, contemplation) compared to controls, χ 2 (d.f. 1) ϭ 4.58, P ϭ 0.03. In addition, a higher percentage of the intervention group had advanced in stage compared to the control group, χ 2 (d.f. 1) ϭ 6.25, P ϭ 0.01.
Dietary behavior
Two measures of dietary behavior were used to assess effects of the intervention: the FFQ meas- Knowledge scores represent means of summed item scores (possible range ϭ 0-6). Self-efficacy measured on a 1-5 scale (5 ϭ most sure). One participant with missing information was deleted from the analyses. P values are based on F-tests after analysis of variance comparing means of study groups at follow-up. No significant differences in knowledge or self-efficacy at baseline.
Effects of a tailored nutrition pilot program
ured at baseline and follow-up, and the six items related to eating behavior (follow-up only). At baseline the control group reported consuming significantly more fat than the intervention group (P ϭ 0.01). At follow-up, both study groups reported markedly lower mean fat scores compared to baseline levels. Fat scores at follow-up were not significantly different according to intervention condition (Table II) . Scores on the eating behavior questions indicated that at follow-up, the intervention group baked meat in the oven significantly more often and consumed low-fat snack items more often than the control group (see Table IV ).
Process measures
Participants in the intervention group were asked questions to assess their acceptability of the program. The majority of participants (79%) said the program was very helpful and that they would use it again (66%); however, 55% said that none of the information was new. Ninety percent believed the program was for someone like them.
Discussion
Results of this pilot study suggest positive effects of a tailored multimedia nutrition education pro-gram for low-income women receiving Food Stamps. At follow-up, the intervention group demonstrated higher knowledge of low-fat food choices and a greater percentage had moved forward in stages of change compared to controls. An increase in self-efficacy was seen immediately after using the computer program; however, the difference between study groups was not significant in the follow-up survey data. Both the intervention and control groups reported much lower fat intakes on the FFQ at follow-up and no significant difference was seen between groups. Differences in eating behavior measures suggest that the intervention group was more likely to use low-fat cooking methods and consume low-fat snacks. Process measures indicated high acceptability of the program among this population, who rated it as very helpful and were interested in using a similar program in the future. Participants expressed enthusiasm for the soap opera and one woman remarked that she completed the program to find out 'What does murder have to do with nutrition?'. This study extends the body of literature using computer tailored and multimedia interventions in several areas. First, previous research on the effectiveness of individualized computer-tailored nutrition education has evaluated printed messages a P Ͻ 0.01 for baseline difference in stage of change between study groups. b P ϭ 0.03 for difference between study groups in number of people who were in more advanced stages (preparation, action/ maintenance) at follow-up, intervention Ͼ control. c P ϭ 0.01 comparing stage progress, more people in the intervention group advanced in stage compared to the control group. P values are based on χ 2 tests. One participant with a missing value for stage of change was deleted from the analysis. as opposed to multimedia programs (Campbell et al., 1994; Brug et al., 1996) . These studies targeted mainly European-American and higher socioeconomic status audiences, and were conducted in primary care or worksite settings. The target population for the present study was lowincome, primarily African-American women receiving food assistance. The women were proactively recruited into the study and were not seeking nutrition education at the time of enrollment. The favorable response to and positive
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outcomes of the program suggest that tailored multimedia self-help programs may be an effective health promotion strategy to reach underserved populations in settings outside of the health care system, such as social service agencies and community sites. Multimedia may also be more beneficial than print-based media for individuals with limited literacy skills. Second, the use of formative evaluation methods in designing the program contributed to the level of participation and acceptability that was achieved with a 'hard to reach' audience. Personal interviews with Food Stamp recipients identified the expectation of boredom as a major barrier to participation in nutrition education. The subsequent choice to develop a soap opera and interactive tailored 'infomercials' was a novel approach to overcoming that barrier, and suggests that combining interactive education with entertainment preferences of the target group may be an effective way to interest and motivate lower income and minority audiences to participate in health promotion activities. In another pilot study not reported here, effects of the tailored 'info-mercials' were assessed with and without the soap opera portion of the program (Honess-Morreale, 1995) . The findings showed that knowledge gains were comparable between Effects of a tailored nutrition pilot program groups but that the group that did not view that soap opera had lower self-efficacy at the end of the program compared to the group that had viewed the soap opera. This observation is consistent with Social Cognitive Theory, which states that one of the major ways to increase self-efficacy is to view credible role models demonstrating a behavior change (Bandura, 1986) . In addition, viewing the soap opera may have enabled participants to use the 'dramatic relief' process of change, one of the processes hypothesized to promote progress in the stages of change (Prochaska et al., 1992) . Soap operas have been used successfully in interventions targeting issues such as family planning, women's status and adult literacy; however, the authors could find no published studies evaluating their use for nutrition education (Brown and Cody, 1991; Elkamel, 1995) .
A third contribution is the finding that program participants demonstrated greater progress in stage of change compared to controls. This finding is encouraging because the program provided behavioral feedback that was tailored to stage. A caution in interpreting these results is that there were significant baseline differences in stage of change between groups, which may have been related to the different modes of survey administration. In addition, despite differences in stage progress, there were no differences in mean fat intake between study groups at follow-up. It is possible that more stage advance in the intervention group did not result in a lower mean fat score due to measurement error and/or the fact that more stage advance in the intervention group made it relatively even with the control group at follow-up in terms of numbers in action/maintenance. The eating behavior questions suggested more behavior change in the intervention group and this measure might have been more responsive to intervention effects than the FFQ . Because the eating behavior questions were only asked at follow-up, however, it is not known whether the observed differences were already present at baseline. Future studies should avoid this limitation by including eating behavior questions at both baseline and follow-up.
265
This study had a number of other limitations. First, it was a one-time, low-intensity intervention. The significant rise in self-efficacy in the intervention group immediately after program use had dissipated at follow-up, suggesting that multiple intervention 'boosters' over time might be needed to maintain participants' confidence in ability to lower fat. Using one question to assess selfefficacy, however, may have inadequately measured the construct. Second, the length of time that was necessary to obtain the follow-up data from some participants might have introduced bias, especially if the amount of time to follow-up varied according to study group. Randomization by day, rather than by individual, may also have introduced bias, and indeed the groups were comparable in demographics but showed differences in fat intake and stage. Variables representing time elapsed from baseline to follow-up survey and day of study enrollment were examined but were not found to be predictors of fat intake and stage of change.
Several limitations of the dietary assessment method are noted. First, although formative research was conducted to understand dietary habits, the use of a brief FFQ might have missed important dietary sources of fat in this population. Second, instrumentation bias may have occurred during the study by administering the FFQ using three different methods (computer self-administered, self-administered with research assistant help and telephone administered). The large decreases in reported fat intake observed in both study groups may well have been related to these varying methods of data collection. It appeared that participants' responses to the follow-up telephoneadministered FFQ questions provided consistently lower frequency estimates for all items consumed. The lack of observed difference in fat intake between study groups at follow-up, therefore, is difficult to interpret based on dietary data collection methods that may not be comparable. An alternative explanation is that the control group actually changed as much as the intervention group due to a 'Hawthorne effect' of simply being in the study. We tend to doubt this explanation based on results of other tailored dietary studies with survey-only control groups, that showed little change in the control group (Campbell et al., 1994; Brug et al., 1996) .
Clearly, future studies of computer-interactive health education programs should be designed with sufficient resources and incentives to enable participants to use the same data collection method (i.e. the computer) in both the intervention and control groups at each data collection point. Building on this 'lesson learned', public health clients participating in a new study (FoodSmart) are randomized to either intervention or control condition by the computer and complete the baseline survey using the computer. Participants are also scheduled to return to clinic to complete the followup survey on the computer, and incentives such as gift coupons and sports bottles are offered. We are finding, however, that a relatively small percentage of participants do return and that telephone surveys may be essential in order to obtain an adequate follow-up response rate in this population.
A final study limitation is the generalizability of the program and results to other audiences. The program was deliberately targeted and tailored to address the interests and preferences of a specific group of low-income women. The resulting program, however, may not be broadly applicable without re-targeting it to each new audience. Optimally, future research should address the need to develop and test tailored programs that contain multiple versions geared to differences in demographics, health issues, language and other characteristics of specific populations and subgroups.
